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Appendix A. Lamellar Nanophase
Appendix A presents the derivation of closed-form expressions for the asymmetry ratios for the two nanophases in lamellae. This was attained by the analytical minimization of the three asymmetry-related Gibbs free energy components, i.e., the elastic Gibbs free energies in the core and in the shell, and the interfacial Gibbs free energy; the mixing Gibbs free energies in the core and in the shell, and the electrostatic Gibbs free energy in the shell are independent of the asymmetry ratios.
The left-hand-side part of Figure S1 shows the unit cell for an amphiphilic polymer conetwork (APCN) based on end-linked ABA triblock copolymers in the as-prepared state, swollen in a nonselective solvent, and, is, therefore, in the homogeneous, non-microphase separated state. Thus, this unit cell is highly symmetrical, having a cubic shape and bearing the cross-linking point in the center of the cube. The length of the edge of the cube is 0 . Upon transfer of the conetwork into the oil-water mixture, microphase separation into lamellae (for the considered case) takes place, with the cube being deformed into a rectangular parallelepiped, in a rather elongated shape so that the surface area of contact between the incompatible phases (interfacial area, in pink) be minimized. The oil-hydrophobic block nanophase (in red) is located in the middle of the unit cell, having a height ℎ and a cross-sectional area equal to × ( < 0 ), whereas the waterhydrophilic block nanophase (in blue) is located both above and below the hydrophobic nanophase, with the height of each hydrophilic portion being equal to 2 ⁄ .
Volume balance in the hydrophobic nanophase implies that the volume of the lamellar core, , is:
where 3 is the volume of one monomer repeating unit.
On the other hand, geometry dictates that:
S3 Figure S1 . Shape transformation and phase separation at the nanoscale upon transfer of the amphiphilic polymer conetwork from the non-selective solvent in the as-prepared state to the oil-water mixture in the final lamellar state.
By combining equations (A1) and (A2), one obtains:
The interfacial area (in pink) in the unit cell, , is:
which takes into account the fact that the two square surfaces of the hydrophobic nanophase (hydrophobic blocks plus oil) within the unit cell come into contact with the two hydrophilic nanophases (hydrophilic blocks plus water), one above and the other below the hydrophobic one.
Using the result in equation ( The interfacial Gibbs free energy in the unit cell, , is equal to the product of the interfacial tension between the hydrophilic and hydrophobic nanophases, , times the interfacial area in the unit cell, :
The interfacial tension, , is given by:
Substituting equations (A5) and (A7) into equation (A6) leads to:
1 2 ⁄
The elastic Gibbs free energy of the hydrophobic nanophase within the unit cell is: 
where _ is the ratio of the stretched to unstretched heights of the lamellar core (also to be called the asymmetry ratio of the hydrophobic nanophase in lamellae), defined as:
where ℎ is the height of the hydrophobic nanophase in the unit cell at swelling equilibrium, while ℎ 0 is the height (length of the edge of the cube) at the state of conetwork preparation in the nonselective solvent, corresponding to the hydrophobic part of the unit cell. 
Substitution of equation (A10) into equation (A9) gives:
Applying volume balance to the whole (cubic) unit cell in the as-prepared state, in a procedure analogous to that expressed in equations (A1) and (A2) for the hydrophobic nanophase in the unit cell, and combining, one can obtain an expression for 0 as: 
The elastic Gibbs free energy of the hydrophilic nanophase within the unit cell is: is the ratio of the stretched to the unstretched heights of the lamellar shell (also to be called the asymmetry ratio of the hydrophilic nanophase in lamellae), defined as:
where 2 ⁄ is the height of one of the two hydrophilic portions in the unit cell at swelling equilibrium, and 0 is the height (length of the edge of the cube) at the state of conetwork preparation in the non-selective solvent corresponding to the hydrophilic part of the unit cell. 
Substitution of equation (A16) into equation (A15) gives:
The ratio of the characteristic lengths of the two nanophases in lamellae, h and l, can be related, via geometry, to the ratio of the volumes of the two nanophases:
In analogy to equation (A1), volume balance in the hydrophilic nanophase gives the volume of the lamellar shell in the unit cell:
The ratio of the volumes of the two nanophases can also be calculated using the expressions provided in equations (A1) and (A21): At equilibrium, the total Gibbs free energy of the unit cell of the lamellar APCN is minimized:
This happens when the first derivative of with respect to ℎ becomes equal to 0, and the second derivative with respect to ℎ is positive. The former condition is equivalent to:
for which it has already been taken into account that the first derivatives of the three other Gibbs free energy components with respect to ℎ are equal to 0.
Differentiation of equations (A8), (A11) and (A28) with respect to ℎ, and substitution into equation 
The equilibrium interfacial area for the lamellar unit cell, , can be calculated by substituting equations (A34) and (A14) into equation (A5):
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Appendix B. Cylindrical Nanophase
Appendix B presents the derivation of closed-form expressions for the asymmetry ratios for the two nanophases in cylinders. This was attained by the analytical minimization of the three asymmetry-related Gibbs free energy components, i.e., the elastic Gibbs free energies in the core and in the shell, and the interfacial Gibbs free energy; the mixing Gibbs free energies in the core and in the shell, and the electrostatic Gibbs free energy in the shell are independent of the asymmetry ratios.
The left-hand-side part of Figure S2 shows the unit cell for an amphiphilic polymer conetwork (APCN) based on end-linked ABA triblock copolymers in the as-prepared state, swollen in a nonselective solvent, and, is, therefore, in the homogeneous, non-microphase separated state. Thus, this unit cell is highly symmetrical, having a cubic shape and bearing the cross-linking point in the center of the cube. The length of the edge of the cube is 0 . Upon transfer of the conetwork into the oil-water mixture, microphase separation into cylinders (for the present case) takes place, with the cube being deformed into a hexagonal cylinder, in a rather compressed shape so that the surface area of contact between the incompatible phases (interfacial area, in pink) be minimized. The oilhydrophobic block nanophase (in red) forms a cylinder, located in the central axis of the hexagonal unit cell, and having a height and a radius , whereas the water-hydrophilic block nanophase (in blue) is located around the cylindrical hydrophobic core, and also having a height equal to . 
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Volume balance in the hydrophobic nanophase implies that the volume of the cylindrical core, , is:
Upon combining equations (B1) and (B2), one obtains:
The interfacial area (again in pink) in the unit cell, , is:
which is the vertical outer lateral area of the hydrophobic (cylindrical) nanophase (hydrophobic blocks plus oil) within the unit cell which is in contact with the hydrophilic nanophase (hydrophilic blocks plus water).
Using the result in equation (B3), equation (B4) becomes:
The interfacial Gibbs free energy in the unit cell, , is equal to the product of the interfacial tension between the hydrophilic and hydrophobic nanophases, , times the interfacial area in the unit cell, :
Substituting equations (B5) and (B7) into equation (B6) leads to:
The elastic Gibbs free energy of the hydrophobic nanophase within the unit cell is:
where _ is the ratio of the compressed to uncompressed heights of the cylindrical core (also to be called the asymmetry ratio of the hydrophobic nanophase in cylinders), defined as:
where is the height of the oil-swollen cylindrical core at swelling equilibrium, and ℎ 0 is the height (length of the edge of the cube) at the state of conetwork preparation in the non-selective solvent, corresponding to the hydrophobic part of the unit cell.
Substitution of equation (B10) into equation (B9) gives:
As in Appendix A, ℎ 0 can also be estimated from simple geometrical considerations as:
Furthermore, applying volume balance to the whole (cubic) unit cell in the as-prepared state, in a procedure analogous to that expressed in equations (B1) and (A2) for the hydrophobic nanophase in the unit cell, and combining, one can obtain an expression for 0 as:
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Solving equation (B13) for 0 , and substituting the result in equation (B12), gives:
The elastic Gibbs free energy of the hydrophilic nanophase within the unit cell is:
where _ ℎ ℎ is the ratio of the compressed to uncompressed heights of the hexagonal shell (also to be called the asymmetry ratio of the hydrophilic nanophase in cylinders), defined as:
where is the height of the water-swollen hexagonal shell at swelling equilibrium, and 0 is the height (length of the edge of the cube) at the state of conetwork preparation in the non-selective solvent, corresponding to the hydrophilic part of the unit cell.
Substitution of equation (B16) into equation (B15) gives:
As in Appendix A, 0 can also be estimated from simple geometrical considerations as:
Solving equation (B13) for 0 , and substituting the result in equation (B18), gives:
At equilibrium, the total Gibbs free energy of the unit cell of the cylindrical APCN is minimized:
This happens when the first derivative of ℎ with respect to becomes equal to 0, and the second derivative with respect to is positive. The former condition is equivalent to:
for which it has already been taken into account that the first derivatives of the three other Gibbs free energy components with respect to are equal to 0.
Differentiation of equations (B8), (B11) and (B17) with respect to , and substitution into equation 
Applying the result of equation (B14) The preferred structure of the APCNs, in the simultaneous presence of water and oil, is that with the lower value of the minimized total Gibbs free energy among all structures considered. In turn, this value is determined from the contributions from all the Gibbs free energy components.
However, some of these components contribute much more to the total Gibbs free energy than others, and they, therefore, have a more decisive role in the prevalence of the particular structure over the others. Table S1 lists the values of all Gibbs free energy components per chain, in kT units, for APCNs with a constant degree of ionization of 0.02, and 0.10, 0.20, and 0.30 mol fractions of the hydrophobic units. In each case, the two structures with the lowest values of the minimized total Gibbs free energy were selected and presented in the table.
Examination of the Gibbs free energy components reveals that the prevalence of spheres for
APCNs at a degree of ionization of 0.02 and with a 0.10 mol fraction of the hydrophobic units (top left quarter of Table S1 ) is mainly due to the more favorable (lower) value of the interfacial Gibbs free energy component and, to a lesser extent, due to the lower electrostatic Gibbs free energy in the shell component for spheres, whereas the Gibbs free energy of mixing in the core is the main component acting in the opposite direction, favoring cylinders. The interfacial Gibbs free energy and the electrostatic Gibbs free energy in the shell are more favorable for spheres due to the lower interfacial area per chain and lower polymer volume fraction in water for spheres, respectively.
On the other hand, the Gibbs free energy of mixing in the core is more favorable for cylinders due to the lower polymer volume fraction in oil for cylinders. S16 Table S1 . Values of all Gibbs free energy components per chain, in kT units, and their differences between the two most prevalent structures, polymer volume fractions in water and oil, and interfacial area per chain for the structures with the lowest values of the minimized total Gibbs free energy for ionizable APCNs with a constant degree of ionization of 0.02, and 0.10, 0.20, and 0.30 mol fractions of the hydrophobic units. 
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For a 0.20 mol fraction of the hydrophobic units in the APCNs, cylinders are the dominant structure rather than spheres or lamellae. First, in comparison with spheres (top right quarter of Table S1 ), cylinders have a more favorable value of the Gibbs free energy of mixing in the core component due to the lower polymer volume fraction in oil for cylinders. In contrast, the electrostatic Gibbs free energy in the shell is more favorable for spheres due to the lower polymer volume fraction in water for spheres. The elastic Gibbs free energy in the shell is also more favorable for spheres due to the lower value of the isotropic deformation term, [ ( 0 ) 2 3 ⁄ ], in the expression for the elastic Gibbs free energy in the shell for spheres. Second, in comparison with lamellae (bottom left quarter of Table S1 ), cylinders have a more favorable value of the electrostatic Gibbs free energy in the shell, and, to a lesser extent, a lower Gibbs free energy of mixing in the shell due to the lower polymer volume fraction in water for cylinders. In contrast, the interfacial Gibbs free energy and the Gibbs free energy of mixing in the core are more favorable for lamellae due to the much lower interfacial area per chain and lower polymer volume fraction in oil for lamellae, respectively.
For a 0.30 mol fraction of the hydrophobic units (bottom right quarter of Table S1 ) in the APCNs, lamellae represent the prevailing structure mainly due to the more favorable value of the interfacial Gibbs free energy component and, to a lesser extent, due to the lower Gibbs free energy of mixing in the core component, whereas the electrostatic Gibbs free energy in the shell and the Gibbs free energy of mixing in the shell are the main components acting in the opposite direction, favoring cylinders. The interfacial Gibbs free energy and the Gibbs free energy of mixing in the core are more favorable for lamellae due to the much lower interfacial area per chain and lower polymer volume fraction in oil for lamellae, respectively, while the electrostatic Gibbs free energy in the shell and the Gibbs free energy of mixing in the shell are more favorable for cylinders due to the lower polymer volume fraction in water for cylinders.
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ii. Examination of the Gibbs free energy components reveals that the prevalence of lamellae for
Effect of degree of ionization of the hydrophilic units
APCNs with a 0.20 mol fraction of the hydrophobic units and at a degree of ionization of 0.01 (top left quarter of Table S2 ) is mainly due to the more favorable value of the interfacial Gibbs free energy component and, to a lesser extent, due to the lower Gibbs free energy of mixing in the core component for lamellae, whereas the electrostatic Gibbs free energy in the shell and the Gibbs free energy of mixing in the shell are the main components acting in the opposite direction, favoring cylinders. The interfacial Gibbs free energy and the Gibbs free energy of mixing in the core are more favorable for lamellae due to the much lower interfacial area per chain and lower polymer volume fraction in oil for lamellae, respectively, while the electrostatic Gibbs free energy in the shell and the Gibbs free energy of mixing in the shell are more favorable for cylinders due to the lower polymer volume fraction in water for cylinders.
For a degree of ionization of the hydrophilic units of 0.02 (top right quarter of Table S2 ) in the APCNs, cylinders are the dominant structure due to the more favorable value of the electrostatic Gibbs free energy in the shell component, and, to a lesser extent, due to the more favorable Gibbs free energy of mixing in the shell component for cylinders, whereas the interfacial Gibbs free energy and the Gibbs free energy of mixing in the core are the main components acting in the opposite direction, favoring lamellae. The electrostatic Gibbs free energy in the shell and the Gibbs free energy of mixing in the shell are more favorable for cylinders due to the lower polymer volume fraction in water for cylinders. On the other hand, the interfacial Gibbs free energy and the Gibbs free energy of mixing in the core are more favorable for lamellae due to the much lower interfacial area per chain and lower polymer volume fraction in oil for lamellae, respectively. S19 
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For a degree of ionization of the hydrophilic units of 0.04 (bottom left quarter of Table S2 ) in the APCNs, cylinders still represent the prevailing structure mainly due to the more favorable value of the Gibbs free energy of mixing in the core component for cylinders, whereas the electrostatic Gibbs free energy in the shell is the main component acting in the opposite direction, favoring spheres. The Gibbs free energy of mixing in the core is more favorable for cylinders due to the lower polymer volume fraction in oil for cylinders, while the electrostatic Gibbs free energy in the shell is more favorable for spheres due to the lower polymer volume fraction in water for spheres.
For a degree of ionization of the hydrophilic units of 0.05 (bottom right quarter of Table S2 ) in the APCNs, spheres now dominate due to the more favorable value of the electrostatic Gibbs free energy in the shell component for spheres, whereas the Gibbs free energy of mixing in the core is the main component acting in the opposite direction, favoring cylinders. The electrostatic Gibbs free energy in the shell is more favorable for spheres due to the lower polymer volume fraction in water for spheres. On the other hand, the Gibbs free energy of mixing in the core is more favorable for cylinders due to the lower polymer volume fraction in oil for cylinders. ii. iii.
Effect of degree of ionization of the hydrophilic units
Correlation of degrees of swelling in water and oil solubilization capacity
The oil solubilization capacity was defined as:
. . = 
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For a constant mol fraction of the hydrophobic units, the ratio is constant. Furthermore, for a 0.10 mol fraction of the hydrophobic units, where spheres prevail, the degree of swelling in oil for the hydrophobic nanophase is not affected by changes in the degree of ionization (see Figure   S6 (c)). As a result, the 1− term is constant. Finally, for a 0.10 mol fraction of the hydrophobic units, the degree of swelling in water for the hydrophilic nanophase is very high, implying that the 1 − ℎ term is very close to 1.
It follows that:
Appendix E. Approximate Analytical Solutions
In this Appendix, we derive approximate analytical expressions for the degrees of swelling, using the two dominant, equilibrium-determining first derivatives, with respect to the polymer volume fraction of the Gibbs free energy components as those were identified from the value of the numerically calculated derivatives, listed in Table S3 below. This was done for the three ordered morphologies, i.e., spheres, cylinders, and lamellae, plus unimers in oil. The calculations were performed in the middle of the area where each morphology prevails in the phase diagram. Table S3 . First derivatives of all Gibbs free energy components for the prevailing morphologies for ionizable conetworks based on end-linked amphiphilic ABA triblock copolymers in an oil-water mixture. In the case of the hydrophilic nanophase of spheres, Table S3 shows that the dominant first derivatives are those of the electrostatic Gibbs free energy in the shell and the elastic Gibbs free energy in the shell:
Differentiation of equations (T1.6) and (T1.9) with respect to ℎ , and substitution of the resulting partial derivatives into equation (E1), yields: ii. Hydrophobic nanophase of spheres:
In the case of the hydrophobic nanophase of spheres, Table S3 suggests that the dominant first derivatives are those of the Gibbs free energy of mixing in the core and the interfacial Gibbs free energy:
Differentiation of equations (T1.3) and (T1.15) with respect to , and substitution of the resulting partial derivatives into equation (E7), yields: 
, we obtain:
Solving quadratic equation (E14) 
Rearranging terms results in: 
1 3 ⁄
1 2 ⁄ 1
S37 Equation (E19) suggests that an increase in the number of hydrophobic units, , leads to a reduction in the polymer volume fraction in the hydrophobic nanophase and, consequently, to an increase in the degree of swelling in oil for the hydrophobic spherical nanophase ( is the inverse of ). This is reflected in Figure 6 (e) (points in the bottom-left corner) which displays the effect of the mol fraction of the hydrophobic units on the degree of swelling in oil for the hydrophobic nanophase.
As the first derivative of the electrostatic Gibbs free energy in the hydrophilic nanophase with respect to the polymer volume fraction in oil was zero, the degree of ionization of the hydrophilic units does not appear at all in the calculation of the polymer volume fraction in the hydrophobic nanophase, and this ultimately results in a degree of swelling in oil which is totally independent of the degree of ionization, consistent with the results for spheres in Figure 6 (f) (points in bottom of this figure), which illustrates the effect of the degree of ionization of the hydrophilic units on the degree of swelling in oil for the hydrophobic nanophase.
iii. Hydrophilic nanophase of cylinders:
In the case of the hydrophilic nanophase of cylinders, Table S3 indicates that the dominant first derivatives are those of the electrostatic Gibbs free energy in the shell and the elastic Gibbs free energy in the shell, as was also the case for the hydrophilic nanophase of spheres:
Considering for simplicity that the asymmetry ratio in the hydrophilic nanophase of cylinders, 
Thus, similar to spheres, the polymer volume fraction in the hydrophilic nanophase of cylinders, ℎ , also decreases as the ).
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iv. Hydrophobic nanophase of cylinders:
In the case of the hydrophobic nanophase of cylinders, Table S3 shows that the dominant first derivatives are those of the Gibbs free energy of mixing in the core and the interfacial Gibbs free energy, as was also the case for the hydrophobic nanophase of spheres:
Considering for simplicity that the asymmetry ratio in the hydrophobic nanophase of cylinders, Similar to the hydrophilic nanophase of spheres and cylinders, in the hydrophilic nanophase of lamellae too, Table S3 shows that the dominant first derivatives are those of the electrostatic Gibbs free energy in the shell and the elastic Gibbs free energy in the shell:
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Considering for simplicity that the asymmetry ratio in the hydrophilic nanophase of lamellae, 
Rearranging terms leads to the approximate analytical solution for the hydrophilic nanophase of lamellae: 
Thus, similar to spheres and cylinders, the polymer volume fraction in the hydrophilic nanophase of lamellae, ℎ , also decreases as the As a result, the degrees of swelling in water of lamellae increase with the mol fraction of the hydrophobic units. On the other hand, for degrees of ionization of 0.04 and higher, when the hydrophobe mol fraction increases, a shallow minimum is observed for the degree of swelling in water for lamellae. This is due to the fact that, as the hydrophobe content increases, the hydrophilic term, (2 + , takes over.
In summary, under conditions that do not favor swelling in water, i.e., low degrees of ionization and high mol fractions of the hydrophobic units, the asymmetry ratio term is the dominant one resulting in a swelling behavior opposite to the one normally anticipated.
Comparing equation (E42) for lamellae with equation (E24) for cylinders, these are essentially identical, each bearing the corresponding asymmetry ratio term, [ cylinder to lamella transition may be calculated as the ratio of the former divided by the latter.
vi. Hydrophobic nanophase of lamellae:
In the case of the hydrophobic nanophase of lamellae, Table S3 shows that the dominant first derivatives are those of the Gibbs free energy of mixing in the core and the interfacial Gibbs free energy, as was also the case for the hydrophobic nanophases of spheres and cylinders:
Considering for simplicity that the asymmetry ratio in the hydrophobic nanophase of lamellae, Table S4 . For the calculations, constant values of , , and were employed since the value of was constant for the present system. Table S4 suggests that an increase in the value of , and, therefore, in the mol fraction of the hydrophobic units, leads to a reduction in the polymer volume fraction in the hydrophobic nanophase and, consequently, to an increase in the degree of swelling in oil for the hydrophobic nanophase of lamellae ( is the inverse of ). However, Figure 6 (e) shows that the degrees of swelling in oil slightly decrease with the mol fraction of the hydrophobic units (behavior opposite to that predicted). As in the case of the hydrophilic nanophase of lamellae, this counterintuitive behavior of the degrees of swelling in oil of lamellae may again be attributed to the asymmetry ratio term. Since the swelling in oil is somewhat lower than that in water, in the present region of the phase diagram, the asymmetry ratio term is the dominant factor for the whole range of degrees of ionization considered ( Figure S20 ). Figure S20 . Dependence of the degree of swelling of the hydrophobic nanophase in oil of lamellae and that of the asymmetry ratio within the hydrophobic nanophase in oil of lamellae on the mol fraction of the hydrophobic units for a 0.04 degree of ionization of the hydrophilic units. The values of the parameters used here were also the same as those used in Figure 3 , and, in particular, φ0 = 0.2, β = 20, χΑ-water = 0.45, χΒ-oil = 0.45, χΑΒ = 2.0, and η+ζ = 240.
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As the first derivative of the electrostatic Gibbs free energy in the hydrophilic nanophase with respect to the polymer volume fraction in oil was zero, the degree of ionization of the hydrophilic units does not appear at all in the calculation of the polymer volume fraction in the hydrophobic nanophase of lamellae. This would imply that the degree of swelling in oil of lamellae should be independent of the degree of ionization of the hydrophilic units. However, Figure 6 (f) shows a slight increase in the degree of swelling in oil for the hydrophobic nanophase of lamellae as the degree of ionization of the hydrophilic units increases. This apparently counterintuitive result is attributed to the asymmetry ratio of the hydrophobic nanophase in lamellae, 
